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CONDIT IO™*- mttSSTOM BYSTg j^ 
The"l^en~t invention relate! to a new system 

for the conditional expression of genes. It also 

cell 

relates to the use or c«i» »jr = >- _ 

therapy, to target very selectively the expreeeion of 

genes of interest. 

Gene and cell therapies consist in correcting 
a deficiency or an abnormality (mutation, aberrant 
expression and the like) or in ensuring the expression 
of a therapeutic protein of interest by introducing a 
genetic information into the cell or affected organ. 
This genetic information can be introduced either ex 
vivo into a cell extracted from the organ, the modified 
cell then being reintroduced into the body (cell 
therapy) , or directly in vivo in the appropriate tissue 
(gene therapy) . Various techniques exist for carrying 
out the transfer of genes, among which are various 
^g^^rfechniaues involving natural or synthetic 
cilfimi cal or biochemical vectors such as complexes of 
DNA and DEAE-dextran (Pagano et al., J. Virol. 1 (1967) 
8 91), of DNA and nuclear proteins (Kaneda et al., 
Science 243 (1989) 375), of DNA and lipids (Feigner et 
al., PNAS 84 (1987) 7413), the use of liposomes (Fraley 
et al., J. Biol. Chem. 255 (1980) 10431), cationic 
5 lipids and the like. Another technique is based on the 
use of viruses as vectors for the transfer of genes. In 
this regard, various viruses hav been tested for their 
capacity to infect certain cell populations. In 
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• fRSV. HMS, MMS and the 

particular, the retroviruses (RSV, » 

adeno-associated viruses and 
like), the HSV virus, the adeno as 

• One of the major difficulties for the 

the adenoviruses. One 01 

a noil therapies lies, 

development of these ge"« — 

However, in the selectivity of the treatment. Depends 
on the applications, depending on the gen. to be 

transferred, it i. « - "*« " ^ 

certain tissue, or certain parts of the body in order 
to concentrate the therapeutic effect and to limit 
examination and side effects. This targeting can be 
achieved by using vector, having a given cell 
specificity. Another approach consists in using 
expression signals which are specific for certain ceil 
types, m this regard, the so-called specific promoter, 
have been de.cribed in the literature, such as the 
promoter of the genes encoding pyruvate kinase, villin. 

, fattv acid-binding 

GFAP, the promoter for the fatty ac 

^ Protein, the promoter for the .-actin of the 
cells ox the smooth muscle, or the promoter of the 
0 apo-«. .PC-*" and human albumin genes, and the like 

Sowever. these promoters have certain disadvantages and 
in particular they have some transcriptional background 
noise which may be disruptive for the expression of 

^ rt.v are limited to certain cells and 
toxic genes and they are 

„ cannot therefore be used for any application. 

The present invention now describes a new 
conditional system for the expression of gene, which is 
particularly .elective and ffici nt. on. of the 
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advantageous characteristics of the system of the 
invention lies in its capacity to express a gene not 
according to a type of cell, but according to the 
presence of a specific cellular element or a specific 
5 physiological situation* This system involves 

bispecific chimeric molecules comprising a domain 
capable of binding selectively a defined DNA sequence 
and a detecting domain capable of binding specifically 
a transactivator or a transactivating complex. 

10 A first feature of the present invention 

consists more particularly in the creation and the 
expression of bispecific chimeric molecules comprising 
a domain capable of binding selectively a defined DNA 
sequence and a domain typical of binding specifically a 

15 transactivator or transrepressor or a transactivating 
or transrepressing complex. 

Another feature of the present invention 
. consi sts in a nucleic acid sequence encoding a chimeric 
molecule as defined above, as well as any expression 

2 0 vector comprising the said nucleic sequence. 

Another feature of the invention consists in 
a conditional system for the expression of genes 
comprising (i) a chimeric molecule as defined above and 
(ii) an expression cassette comprising a regulatory 

2 5 sequence, a minimal promoter (whose activity depends on 
the pr sence of a transactivator) and the said gene. 

Another feature of the invention also 
consists in an xpression vector comprising 
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• omience encoding a chimeric 
. a nucleic sequence 

m olecul. » defined 

. th , ..id expression cassette. ^ ^ 

^ conditional expression " ~ 

■ for use in gene 
t ion is particularly appropriate for 
invention P sele ctively the 

or cell therapy, to target very 

exp ression of genes of interest. ^ ^ 

One of the components of the 

. Bt8 in specific bispecxfxc 

— — ^ aLin cpa- - 

binding selectively tranM =tivat=r or a 

capable of binding specially 

Tn e bispecificity o* 
tr .ns.ctiv.ting complex. , ^ ^ ^ 

Tcules o£ the invention lies, ° 

bind a defined DNA sequence 
l5 their capacity regu iatory sequence) 

— l Tea pl^V to recruit 

^r;;r:ra--ng » — — to 

speciiJ-caliy a aatble to induce or to 

^^domain which maxes it possible 

so repress the expression o, :^s- ^ ^ 

The invention relates 
, ent of bi.p.cifi= chimeric molecules 
t „. development » tran .criptional factor 

allowing the recruitment of any 

■-^♦■ivation leads to a 
„ho.e activation or - chimetic 

25 p hysiopathologic.l ^ Bel . otiv . 

* f>, e invention thus an- 
^ules of ~J ^ activator, which 

recruitment of tra Htate/ the 

are specific for a physiopathologic.l state. 
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■ t'onal factors to 
atta cn»ent of th Be «— ^ ^.cule. to 

^ <-he attachment 
pro »oter. t h ro»g* * ^ these pr«t«. 

defined iwa — * . thus o» 

or regulatory sequence.) 
(operator or regu (F lgure 1) • 

conditional e*pr.s.i°* • *° ^ ^ dev elopm.nt 

The invention ale" « 

cleric molecule.^* 1 " 
of b i.p.=^- * carrylng a 

recruitment not o ^ ^ transcriptional 

wan.activ.tlng domain bU _ ^ ^ ^ ^ a complex 
0 transactivating pre sent in . =- - 

formed between traMacti vating domain 

a macule carrying . activating complex 

figure 2) . » — ' seoond specific 

is pr.feraHy -rmed W -~ tlvatlI , domain 

15 chimeric molecule „ th e said cellular 

» 4 a "Xective *— ^ a llovs 

m olecule. The attachment o ttaMactl v.ting 
th . formation of a transcrip ^ by 

^ compie*. ;7 b 7 invention . The attachment 

» * -^ZL dose to Peters thus all-, 

of this ternary comp ^ type o£ 

t he regulated e*P«.* ion o „ aJttend 

construct it po» ^ ^ inventlo n to 

tb . condition, for u.mg ^ ia<jlting a 

„ the detection of » ^ ^ ^ _ endoge n=u. 

t rans.ctiv.ting domain. ^ ^ 
^ cuie or a of 
exampl • 
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The system of the invention thus makes it 
possible, by virtue of a very selective detection 
system ("sensor"), to activate the expression of genes 
of interest only in the presence of target proteins* 
5 These may be transcriptional factors which appear 

during physiological or physiopathological situations, 
or any endogenous molecule or any molecule of 
infectious origin for example. The system of the 
invention contains, indeed, a very sensitive and very 

p 10 selective detecting component which makes it possible 

to base the expression of a gene on the presence, the 

p appearance or the disappearance of any molecule in a 

CO cell. 

.3, -St!. 

7" Within the framework of the present 

72 15 invention, the term transactivator designates any 

12 tiranscxiption transactivating factor or any protein 

;S comprising a transcriptional transactivating domain. 

The transactivating complex designates the complex 
formed between a molecule present in a cell and a 
2 0 bi specific molecule of the invention comprising a 
Li. dUMd-u L ivating domain and a domain for specific 
binding to the said molecule. The expression system of 
the invention can be used to recruit any 
transactivating protein or any protein carrying a 
2 5 transactivating domain, and in particular any protein 
of viral, parasitic, mycobacterial or c llular origin 
possessing a transcriptional transactivating activity. 
Among the transcriptional factors of viral origin. 
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there may - -tl— especially "» ^ Pr0t i ; in ma 0£ 
the HXV virus, the "/« *""~ S ° £ the o P £ P the Epstein . 

Barr virus. These protein, po transc^----- 

activating domain and .r. present «*r - «*• 
transactivating under 

oeX1 . infected by VlrUeeS ' ! M ^ conditional 

■tie nbysiopathologiol conditions. The 
specific Phy=«P inva ntion allows 

— — aC °° rain9 o rra physiological 
-ant.geously ' deteCt 7; t MI trans.ctiv.tors 
si tu.tion (the appearance the ^ ^ 

induction of a selective expression « * 
g .n. ( e, - — • «- el— proteins. * 
* „v,i„ the mutated or wild- type p 
mentioned preferably 

, protein. The p53 protein consists °* 

, „ it i! > tumour suppressor 
xn i« £0r "' . aivi . io n and 

o£ negatively regulating =.H 

This activity is li^ed to the presence of 
9 .1 reactivating domain in the structure 

ttan«criPti° nal traneac rea ion of 

• located in the N- terminal region 
!0 of the P53 Protein, located 

„ ln , re .idu.s 1-100 approximately) . » 
the protein (re. ^ o£ 

• - t-he wild- type p53 is 
situations, the wi re , 3 52, 

««t- QS is (Yonish-Rouach et al., 
inducing apoptosis i ' are 

25 manifested in a stress ±t „„ bee n suggested 

i., nMA is threatened, it 
the cellular DBA presence of 

that p53 i. a -guardian of th genom . Th P 
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included, reinforces this hypothesis and underlines the 
probably critical role which mutations of this gene 
play in the tumour development (for reviews see 
Montenarh, Oncogene, 7, 1673-1680, 1952; Or on, 
5 FASEB J., 6, 3169-3175, 1992; Zambetti and Levine, 

FASEB J., 7, 855-865, 1993). Within the framework of 
the present invention, it is possible to recruit 
selectively the transactivating domain of the p53 
protein and thus to induce the controlled expression of 

10 (a) gene(s) only in cells containing this protein. It 

is particularly advantageous according to the invention 
to recruit specifically the mutated forms of the p53 
protein which, as indicated above, appear in 
physiopathological situations of cell 

15 hyperprolif eration (cancer type) . This targeting may be 
achieved preferably by means of a binding domain 
specific for the mutated forms of the p53 protein* 
There is, however, a defacto specificity linked to the 
accumulation of the mutated forms which possess a half- 

2 0 life which is much greater than the wild- type form. 

The system of the invention can also be used 
to induce the selective expression of (a) gene(s) by 
detecting any target molecule present in a cell. The 
detected protein is preferably a protein which appears 

25 in a cell in abnormal situations (infection, 

hyperprolif eration and the like) . They may be in 
particular viral proteins such as structural or 
functional proteins of a virus, and esp cially of the 
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herpe8 virus and th l±k- They may 
HIV, hepatitis or herpes vx cell 

^.rcroliferatron state, s 

fo. and jun proteins, the <«re«— 

of the properties of th. 
, o£ th. invention therefore consists m their 
^cuiee or the or 
capacity to bind to specif ^ 

•«r,a^ This binding makes I*; f 
regulatory regions) . Thi promot er 

. the transactivating domain close to the p 
bring the transa Q f a gene 

^ a. a result to activate th. expression 

of the said promoter. 
C ° e * bindino -elective* a 

- or - - - — - ° f - 

defined sequence of DNA p 

ontially of protein origin. More 
invention is essentially P or 6k.rvotlc 

< = derived from a proKaryo 
5 preferably, this domain re d.rrv 

- — - - 



20 

interactions 



25 pre 



ln 9 th. proxaryotic protein, which interact 

wit h double-stranded « ^ 
„ .„.cially bacterial repressors and. 
mentioned especially OE ^a. the 

preferably, the «. -» tetracycline repress 

of the lambda bacteriophage. 
Cro r pressor of the lam* ^ 
Th E . coli tetracyclxn r pressor % 
protein of about 210 amino acids. coli, 
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frolB th e transcription of genes 

— iVelY ^ , tance to this anti.io.ic within the 
mediating the resistance 

m the absence of tetracycline, 
i-efc ooeron. I» tne & . , _ 

Tet op, -* r.pr «- transcript of 

_ <n the presence of 
„ an6 in contrast, m tne pt 
resistance gene. In attac hes to 

tetracycline, the tetK repressor no longer 
th e tetop operator allowing a constitute 

ration of - ^ ^ - • 

(1989) in Protein-Kucleic -id ^ 
Molecular and Structural Biology, eds Sae 

. M x, (Macmillan, London), Vol. 10, 
Heinemann, U. l» published (it 

« 143-162) . The tetR sequence has been p 
PP * . m WO94/04682) . The specific 

5 i8 r.pro d u= ed .epe=«X ly ^ o£ tetR to 

- — ; ~ £ollowing ^ 

TCTCTATCACTGATAGGGA (SEC ™ »»• l > • 

^ „it =an »e repeal -era! - 

d to increaa. tb. - «" '"''^ 

20 J — «»» relator, ee^nce W co^e 

the system. Thus, 

, ^r-eferably, contains -i 
up to 10 units and, prefera* y 

, T tox>2) or 7 units (Teto P 7) (see Figure 3) . 
(Te top2) or ^ itia lly defined as a 

The Cro protein was initially 

of the expression of the CI repressor 
25 regulator of the exp clo ning 
H et al (1970) PNAS 66, pp. 855). Th 

ha8 alloW ed the id ntification of a 
of the cro gene has allow 

a ,j da (SEQ ID No. 21, 
prot in of 66 amino acids 18 U 
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*>ha\ Cro exerts its 
-. 1X911) Nature 270, PP- 274). ^ 
et al (1977) «a ,.--bi v to the 

■ i role by attaching preferably t 
physiological role oy 

lambda OR, operator. 

. , alienee for 

The specific double-stranceo — 
. „. a of cro to the (region designated 0*3> 

the binding of cro 

is closed or the following bases. 

TATCACCGCAAGGGATA (SEQ ID »• 
. „n also be repeated several times » ~«~ 
This region oan also „ to , enc y of the 

t o increase tb. affinity and the effic—y 

system (see Figure 4) . inter .cting 
^g the euHaryotic protean. 

a.d DHA sequences, the proteins or 
with double- stranded DHA s q» prot eins are 

. a rived from the STAT. p53 or OTkB pro 
domains derived fro th e molecules 

, toT the construction of the 

8 , (1992) 43 33> • 

., of the invention (Xnou. et al- ^ ^ 

As regards the P=3 protein its* ^ _ 

seated in the central region o^th P ^ jB 

p r.cisely. th. region between am- 

, . a , al , Genes & Dev. 7 
(Ea vletichet al., the domain capable of 

A8 indicated above, the a 

! ctively a defined seance of » present 
binding selectively derived 

i«ml.« of the invention is prefers y 
in the molecules o capable of 

fro m a profcaryotic or eulcaryotic protein P 

■ with a double-stranded DN* region, 
interacting with ad roole cules of 

, for the construction of the m 
25 domain used for ^ or of a 

the invention *ay consist . interac tion 

£rag ment thereof comprising the *- 
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. prote ins and especially TetK (see for example 

Vatl ° US " , Biol . chem. a.7 c».» »«>■ " 

Berens et al . , • prot ein or of the 

■ - «•£ a derivative of this P 

a iao consist of a a« ^^ es . 

unserved the DNA-bindmg v*-*r 

fragm ent having conserv 

Su ch derivatives are especially p 

* one or more amino acids, for e 

o£ th e moXeeule. Mchni ^ s . 

- cordin9 to r« a =~ . - — 

° £ d n the Ut.r.ture. wbi=* PO 

to „ been described » the ^ 

po int mutations and/or a—- 

,1906- Altschmied et al., *»» 

(1988) Baumei.ter - ^ 

a , al , j. Biol. Chem. 262 U»» 
, Hans en et al ^ ^ ^ a defined 

then he tested hy —ting the 
DNA sequence can then ^ 

prepared with the regulatory sequ 
derivative prepare additi on, the 

4--«« the complexes formed. In aaa 

d * teC " n9 ' be protein, having 

20 derivative. may also * tha 

„.,-ties (specificity, 
binding -properties i»t> 

1IlM) ' , ^referred embodiment, the 

According to a preferre 
. eo^l. of binding ..LctiveXy a defined 

domain p— - - — ° £ tbe . 

" ""Ton a derived from a profcaryotic protein. — 
invents ularly .dvantageous since 

type of construct .s par 

th e.e prot ins, .« °" 91 "' 
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stranded DNA sites of at least 14 nucleotides. The 
probability of finding the same sequenc within the 
human genome is practically zero and therefore the 
expression system obtained is all the more selective- 

In a preferred embodiment, the domain capable 
of bonding selectively a defined sequence of DNA 
present in the molecules of the invention is derived 
from the tetR or/ Cro proteins. It is most particularly 
advantageous to use the complete tetR or Cro proteins 
ID - Mo ./21) . 

The domain capable of binding specifically 
the transcriptional transactivator or the 
transcriptional transactivating complex present in the 
molecules of the invention may be of various types. It 
may be in particular an oligomerizing domain in the 
case where the transactivator or the transactivating 
complex targeted also comprises such a domain. It may 
also be any synthetic or natural domain known to 
A n teract with the said transactivator or 
transactivating complex. It may alteratively be an 
airtibody or a fragment or derivative of an antibody 
directed against the transactivator or transactivating 
complex • 

Among the oligomerizing domains which can be 
used within the framework of the invention, there may 
be mentioned more particularly the leucine zippers, the 
SH2 domains and the SH3 domains for example. The 
leucine zipp rs are amphipatic a helices which contain 



10 



PCT/FR96/0 0477 

4 or . mucins. *« 7 * leucl 7 s roughly .« «- 

«n the a neiix- / _ „„„ .ids 

8aB e po"-"- - int «r.e*ions betweau — 

. bv hydrophobic / ,„r>.r domains 

eustam.d by ny „4 n tiguoua "PP" 

chains of *ha Xaucinas o / ^ ^ 17*) • 

( Vo 9 t st aX.. Trend. » '"J' „ ith .pacific 

Tb e S« domains ar. ^ t on ~ ^ 

pepti de P-p£ _ oUgOTtr wlth any 

— M " tr X*iva ti n g compXa* o^- 
transactor or « « ^ ^ (pav , SOI , at aX.. 

th. correaponding p/oXi ^ po „ ible t o 

q /M 993) 434) . xu 
currant Biology 3 /<« ^ ^^.ri.at^n. 

p ro»in. Wus. of «h ^ ^ a „XX. 

-/ ° UVely aoi ds 3,0-3,3 (« X. 

* P " "rUSaL pref.fa.Xy usad *- 

!acuX. compri.i"* *. "^" d 
- My be Ben tioned * 

.ransack - ^ in t.rac„ 

axampXa th. «g~n of ^ tbue ^a. 

„ith tf- PS3 * traMao tiva t or. th. 

<>Oe to recruit, as * 
it possible to 

ty pe or ,» , pecl£io binding 

» prefarrsd domaxn ^ ^ 

„ th. transcript tran.act>vator 
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■ w « an antibody fragment or 
consists of an anybody or derivative8 are 

derivative. The antibody fragments or 

W r- P(ab) f 2 fragments, we 
i ^ t-He Fab or Fkaoj 

example tne . lA-r hain 

" " -tbodv or alternatively 

regions of an anybody a ra region linKed to a v> 

^ " ^ 11. T=r b e against any 

advantageous since it 

molecule. immU noglobulin 
Antibodies, molecules o 

• Bt of different chains (2 heavy 
, 8U perf amily, consis ^ themselve8 

^ o lioht chains (D ) 
chains (H) and 2 Ugh ^ ^ (v) , 

- rtf different domains (varia 
composed of dxM domain for 

#-n and the like), 
joining domain <ff> . trall sactivating 

. he transactivator or tne c 
binding to the tran moleC ules of the 

V .„ H i8 present in the molecule 
L5 complex which is P antibody 
mention advantageously consists 

.^ivative comprising at least 
fra gment or derivati ^ 

binding site. This fragment may 

. <= a light chain (V,) or of a heavy 
job**- of ^ ^ ^ ^ F(ab) . 2 fra gment 

20 optionally in the form single _ cn ain antibodies 

^„ hlv m the form of sing 

(SCFV) . *. .-1. inventlon consiB t 

^-f t-He molecuie» 

h binding oi „ of the 
corresponding to tne 
o£ a peptide corr P ^ ^ _ 

» vari^le ^ ^ ^responding to 

.infced b y > P.,-- vKiabie r . gion o£ rt b avy 

the binding sit ic acid 

ch ain of an antibody. «- oon.truct.on 
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„- M such modified antibodies according 

en ° 0d ! lee. described for -ample in 
to t be invention ha. be- mo94/02610 . 

it US 4,946,778 or in appli 

.« « ie illustrated in tbe exempt- 

for binding to a 

^ fie8 a domain tor 

pr eeent invention _ 

x. 4„ it is more preferaoxy 
p5 3 protein. It ^ A specl£ic 

native directed ~>^L-* 

pediment consists of a ^ ^ c£ 

e-a way of. sped.*. J-** 

.gainst P»- » * „ hoa . con .truction is 

sequence SEQ 10 No. 4 
ascribed in the examples. 

The DHA binding domain an4 th 

oinding domain are/generally linked to 
^ansactivator-bxnding J 

e,ch other through . ~ W £<>r 
of a peptide .hie ^ ^ „ b . 

funcUonal auto / whicn do not 

j no acids, WIUW 

interfere r glyci ne, serine, 

.„v. as /for example gj-y*- 
mention, such ^ ^ _ 

trXPt ° Phin ' T to 30 amino acids and, preferably 
comprises from/s ^ ^ 

£ro » . to yamino acids. »— ^ roleculM 

„hich can/e used for th. oon.tructi 
of tbe i/.nti=n ar\f»r example. 
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A 3) 



. sssgsgggg'Sogggs (SEC! id »g- 5 > 

\ _ A w hos coding 

. PKPSTPPGSS >S^Q 1° 
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. are especially the follow*^ 
tbe invention are ^ ^ } 

a) scFv-tag-Hxnge-TET or 
This type of molecule comprises: 

, , bix&ing to a transactivator 
. a domain for bx*mg 

f . single-cha/n antibody, 
consisting of a sing r recognize d by a 

. a tag peptid/ sequence recogn 

* blowing the immunological 
m onoclonal antibody allowing ^ 

v. m «lecule. This sequence may 
section 0£ «- W» sequence ( « 
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— JS»« the VSV 4 V ... atgaaccggctgggcaag 



c, J) 15 

20 



(SEQ ID No. ^"J 9 ru /0 sequence is 

A Tn No . ft whose coding sequ 
EQKLI SEEDLN (fl^Q » N °' ^ -jg f which 

7 - -.GAGGATCTGAAT (SEQ i« 



,.2 



(Singe) 



25 



^Wedby the antibody 9E10. 
i8 re cogni^ ^ ^ gEQ „ No . 

/ ^ a DNA-binding domain consisting of the - 
, - P~tein. drably, ~ U — ^ 

^/retain. # M) 

b) ScFv-Hinge-TET or 

. tvoe of molecule comprises the same 

tyP lecule a > except for the tag seance 
t-he molecule »/ 
elements as tne 

which is absent. . 

c) ScFV-TET or Cro (Figure 5C) 
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-water consisting of a 
. to a transactivator 

domain for binding ^ ^ DNA _ bind ing domain 

8ingle -cnain antibody an ^ ^ 

. . p t-.ii* TET or t-ro v 

consiscma — - thiB coiibw — 

««-r a tag sequence. 

n eith.r an arm nor » ^ ^ in the 

the iViWr -" ndl mo 9 leoole and the 

N.terminal part of tne 

• •„ the C- terminal part, 
domain m the ^ 5D) 
- rrro-ScFv (Figure 
d) TET or Cro c) 

OT « of molecule is similar t 
This type or m , hhe 

< a essentially m the 

, tyP e «- ^^^i-*- 

irr a» 9 ement - - c terBiMl par t o £ the 

doM i= i« 100ated . „ . n in the M- terminal 
» ol .cule ana th. — — dOMin 

, TET or cro-Binae-ScFv It*— 5« 
' t molecule =«ri«. the — 

This type of «*- ai££er .nc. is 

the b) molecule above. The a 
thS ' Y al th. domains: the 

. »*. arrangement ot c»= 
. M .entially x» the in ^ 

Ending domain is now j. 
^s.ctiv.tor-b.nd, . ^ Dltt . bi ndin g 

20 cterminal part of «*• -1— 

domain in the H-terminal part. ^ 

f> olioom-tao-B.no.-T^ ^ 

r „„i eC ule is similar w 
This type of molecul binding 
• „ of the transactivator 
^ with the exception of th 
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consists in a nucleic acid sequence encoding a chimeric 
molecule as defined above. It is advantageously a DNA, 
especially a cDNA- sequence. It may also be an RNA. The 
sequences of the invention are generally constructed by 
5 assembling, within a cloning vector, the sequences 

encoding the various domains according to conventional 
molecular biology techniques ./The nucleic acid 
sequences of the invention ican optionally be modified 
chemically, enzymatically/or genetically, in order to 
10 generate domains which /re stabilized, and/or 

multifunctional, and/pr of reduced size, and/or with 
the aim of promoting their location in such or such 
intracellular compartment . Thus, the nucleic acid 
sequences of the invention may comprise sequences 
15 encoding nuclear localisation peptides (NLS) . In 

particular,/ it is possible to fuse the sequences of the 
i rv-ffn 1" i on/wi th the sequence encoding the SV40 virus 
NLS, whose peptide sequence is the following: PKKKRKV 
CSEQ^fo No. (Kalderon et al . , Cell 39 (1984) 499). 

2 0 The nucleic sequences according to the 

invention are advantageously part of an expression 
vector, which may be of plasmid or viral nature. 

Another subject of the present invention 
consists in a fusion protein comprising a 
2 5 transcriptional transactivator domain and a domain for 
specific binding to a given molecule, optionally linked 
by a peptide arm, as well any nucleic acid sequence 
encoding such a fusion. The transactivator domain may 
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i transactivator 

be ^ ~ - -:rr - - - 

protein, such as p53, VP16, 

ijVa. . . ^nnslStS of 

■*■■"*-- . - „f the invents" 

the expression or g 
a conditional system for the 
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. an expression ^, rtIia i promoter 

ce a minimal transcriptional P 
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and the said gene. _ conta ins the 
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for the activation of the 
components necessary tran8acti vator or 

£ the gene by trie 
eltpreBS1 o» of . ed fcy ^ bispecl£ic 

tr ans.ctivati» g co^e, ^ ^ ^ ^ 

m oi.=ui.. - ^ u TOlecule 

biding ° £ ohiMric molecule x. 

— - — TetRf - re,— 

, 4KW - > ^ 2 repeated T.-P 

It is pKf«ably the P rep .ated Tetop 

plant aoumal .^X moieeuie is ieprese «e* 

by all or par, a ^ & derivati .e 

oo^rl. a * — — SM mv tim „. x« 1. 

thereof, optionally repeated 
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preferably the sequence OR3 . The derivatives of the 
sequences SEQ ID No. 1 and 2 may be any sequence 
obtained by a modification of genetic nature (mutation, 
deletion, addition, repetition and the like) and 
conserving the capacity to bind specifically a protein. 
Such derivatives have been described in the literature 
(Baumeister et al., cited above, Tovar et al . , Mol . 
Gen. Genet. 215 (1988) 76, WO94/04672) . 

As regards the minimal transcriptional 
promoter, it is a promoter whose activity depends on 
the presence of a transactivator . Because of this, in 
the absence of the chimeric molecule, the promoter is 
inactive and the gene is not or JLs barely expressed. On 
the other hand, in the presence of a chimeric molecule, 
the transactivator or t rans arc tiva ting complex recruited 
makes it possible to induce the activity of the minimal 
p^nmnl"^ and thus the expression of the gene of 
interest. The minimal: promoter generally consists of an 
IrTR^ar a TATA box./ These components are indeed the 
minimum components necessary for the expression of a 
gene in the presence of a transactivator. The minimal 
promoter can be prepared from any promoter by genetic 
modification. By way of preferred example of a 
candidate promoter, there may be mentioned the promoter 
of the thymidine kinase gene. Advantageous results have 
more precisely been obtained with a minimal promoter 
derived from the TK promoter A c ompoo o d o f nucle o tides 
-37 Lo -+-19 . The minimal promoter can also be derived 
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th viral vectors, there may be 
Among th vira 

ocularly the adenoviruses, the 
mentioned more particular ^ alternati vely the 

t-.he herpes viruses or alt 

viruse8 aCCord ing to 
adeno-associated viruses. ^^1. 

.-on are defective, that x. to say 
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• ain Preferably, the adenovirus of 
(e _le.. S A V> «^ adeQoviru8j _ preferably a 

animal orxgxn ^ (aTCC 

.^novirus [manhattan ^ humaI1 

, , preferably, adenovxru B « - 
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• a8 adel tion in the El region at 
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completely or partly, and replaced by a h terologous 
nucleic acid sequence of interest. These vectors can be 
prepared from various types of retrovirus such as 
especially MoMuLV ("murine moloney leukaemia virus"; 
5 also called MoMLV) , MSV ("murine moloney sarcoma 

virus") , HaSV ("harvey sarcoma virus") ; SNV ("spleen 
necrosis virus"); RSV ("Rous sarcoma virus") or 
alternatively Friend's virus. 

To construct recombinant retroviruses 

10 according to the invention, a plasmid comprising 

especially the LTRs, the encapsidation sequence and the 
sequences of the invention (sequence encoding the 
chimeric molecule + expression cassette) is generally 
constructed, then used to transfect a so-called 

15 encapsidation cell line capable of providing in trans 
the retroviral functions which are deficient in the 
plasmid. Generally, the encapsidation lines are 
therefore capable of expressing the gag, pol and env 
genes. Such encapsidation lines have been described in 

2 0 the prior art, and especially the PA317 line 

(US 4,861,719); the PsiCRIP line (WO90/02806) and the 
GP+envAm-12 line (WO89/07150) . Moreover, the 
recombinant adenoviruses may contain modifications in 
the LTRs so as to suppress the transcriptional 

2 5 activity, as well as extended encapsidation sequences, 
comprising part of the gag gene (Bender et al . , J. 
Virol. 61 (1987) 1639) . Th recombinant r troviruses 
produced are then purified by conventional techniques. 
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An example of the construction of a defective 
r combinant virus according to the invention 
(retrovirus) is described in Figure 8. This figure 
underlines a second advantage of the constructs 
according to the invention which consists in the 
-a bsen ce of expression of the gene of interest in the 
encapsidation lines. Given that these lines lack the 
transactivator or the transactivating complex recruited 
by the system of the invention, the promoter is 
inactive and the gene is not expressed in the 
production cell (Figure 8A) . It is only when the virus 
has effectively infected a target cell, that is to say 
a cell in which the transactivator or transactivating 
complex recruited by the system of the invention is 
present, that the gene is effectively expressed 
(Figure 8B) . This is particularly advantageous for 
the construction of viruses containing genes whose 
expression would be toxic for the cells (Grb3-3, IL-2, 
a3id~diphtheria toxine genes and the like) . 

For the implementation of the present 
invention, it is most particularly advantageous to use 
a. defective recombinant retrovirus or adenovirus. These 
vectors possess, indeed, properties which are 
particularly advantageous for the transfer of genes 
into tumour cells. 

Various types of non-viral vectors can also 
be used within the framework of the invention. The 
conditional expression system according to th 
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advantage of the principle o^/ condensing DNA by virtue 

/ 

of the cationic polymer whyle directing the attachment 

/ 

of the complex to the mejrd>rane by virtue of a chemical 

coupling between the cationic polymer and the ligand of 

/ 

a membrane receptor/ which is present at the surface of 
the cell type whij/h it is desired to graft. The 
targeting of ti^d transferrin or insulin receptor or of 
the receptor/ior the asialoglycoproteins of the 
hepatocyte^ has thus been described. 

The subject of the present invention is also 
any pharmaceutical composition comprising a vector as 
defined above. These compositions may be formulated for 
topical , oral , parental , intranasal , intravenous , 
intramuscular , subcutaneous , or intraocular 
administration and the like. Preferably, the 
composition according to the invention contains 
vehicles which are pharmaceutically acceptable for an 
injectable formulation. These may be isotonic sterile 
-saline solutions (monosodium or disodium phosphate, 
sodium potassium, calcium or magnesium chloride and the 
like, or mixtures of such salts) , or dry, especially 
f reeze-dried, compositions which, upon addition, 
depending on the case, of sterilized water or of 
physiological saline, allow the preparation of 
injectable solutions. As regards the retroviruses, it 
may be advantageous to use directly th encapsidation 
cells or cells infected ex vivo and designed to be 
reimplanted in vivo, optionally in the form of neo- 
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organs (W094/24298) . 

The doses of vector which ar used for the 
injection may be adjusted according to various 
parameters, and especially according to the mode of 
administration used, the relevant pathology or 
alternatively the desired duration of treatment. In 
general the recombinant viruses according to the 
invention are formulated and administered in the form 
of doses of between 10 4 and 10 14 pfu/ml. For the AAVs 
and the adenoviruses, doses of 10 6 and 10 10 pfu/ml can 
also be used. The term pfu ("plaque forming unit") 
corresponds to the infectivity of a suspension of 
virions and is determined by infecting an appropriate 
cell culture, and measuring, generally after 4 8 hours, 
the number of plagues of infected cells. The techniques 
for examining the pfu titre of a viral solution are 
well documented in the literature. 

The expression system according to the 
-invention and the corresponding vectors are 
particularly useful for controlling the expression of 
gs-aes of interest in the context of cell or gene 
therapies. They can thus be used to control the 
expression of any coding sequence of interest, and 
especially a sequence encoding a therapeutic product 
whether it is a peptide, polypeptide, protein, 
ribonucleic acid and the like. More particularly, the 
gene is a DNA sequence (cDNA, gDNA, synthetic DNA, of 
human, animal or plant origin, and the like) which 
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system according to the invention which allows the 
selective recruitment of a transactivating complex. 
Figure 3 ; Representation of an expression cassette 
according to the invention comprising a regulatory 
sequence Tetop7, a minimal promoter (TATA box) and a 
gene (CAT) . 

Figure 4 : Representation of an expression cassette 
according to the invention comprising a regulatory 
sequence OR3, a minimal promoter (TATA box) and a gene 
(CAT) . 

Figure 5 : Representation of bispecific chimeric 

molecules according to the invention. 

Figure 6 ; Construction of DNA sequences encoding 

bispecific chimeric molecules according to the 

invention. 

Figure 7 ; Representation of control chimeric 
constructs . 

Figure 8 ; Structure and function of a viral vector 
(retrovirus) according to the invention. 

Figure 9 ; Study of the interaction between the hydbrid 
utoorecules of the invention and a regulatory sequence. 
Figure 10; Study of the interaction between the hybrid 
molecules of the invention and various forms of the p53 
protein. 

Figure 11: Demonstration of the activation of the Tet- 
Luc cassette in SAOS-2 cells. 

Figure 12 ; Demonstration of the activation of the Tet- 
Luc cassette in H358 cells. 
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General molecular biology techniques 

The general molecular biology methods such as 
centrifugation of plasmid DNA in a caesium chloride- 
ethidium bromide gradient, digestions with restriction 
5 enzymes, gel electrophoresis, transformation in 

E. Coli , precipitation of nucleic acids and the like, 
are described in the literature (Maniatis et_al . , 
1989) . 

The enzymes were provided by New- England 

10 Biolabs (Beverly, MA) . For the ligations, the DNA 

fragments are separated according to their size on 0.8 
to 1.5% agarose gels, purified by GeneClean (BIO101, 
LaJolla CA) and incubated overnight at 14°C in a 50 mM 
tris HC1 buffer pH 7.4, containing 10 mM MgCl 2 10 mM 

15 DTT, 2mM ATP, in the presence of T4 phage DNA ligase. 

The PCR (Polymerase Chain Reaction) 
amplification was also performed according to Maniatis 
et al . , 1989, with the following specifications: 
- MgCl 2 concentration adjusted to 8 mM. 

2 0 - Denaturing temperature 95 °C, hybridization 

- t em per a ture 55°C, extension temperature 72 °C. This 
cycle was repeated 25 times in a PE9600 Thermal cycler 
(Perkin Elmer, Norwalk CO) . 

The oligonucleotides are synthesized using 

25 the chemistry of phosphoramidites protected at the (5 
position by a cyanoethyl group (Sinha et__al., 1984, 
Giles 1985) , with an applied biosystem model 394 
automatic DNA synthesizer (Applied Biosystem, Foster 
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the manufacturer's 
City CA) , according to the ma 

recommendations. earrie d out on double- 

The sequ encin g was carried 

late8 by the chain termini 

8tr anded templates by bW «o« Tao_ 

u8i ng fluorescent prxmers. 
Dye Primer Kit from APP— Biosystem APP 
System, Poster City a— to the 

manufacturer's specifications. 
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Examples 

Example 1; Construction of expression cassettes 
comprising a regulatory sequence, a minimal 
transcriptional promoter and a gene, 

1.1. Construction of the plasmid pTETop7/CAT 

The plasmid pTETopTyCAT contains the 
following components (Figure 3) : 

- a regulatory sequence consisting of a 
sequence for interaction with the tetracycline 
repressor TetR composed of 7 repeated Tetop motifs (SEQ 
ID No. 1) ; 

- a minimal promoter derived from the 

promoter of the thymidine kinase gene (-37 — t o +- 1 9 * 

/ ' A 

r egi o n oa rgy i ng t he- TA T A boxh ; 

- the sequence encoding chloramphenicol 
acetyltransf erase (CAT) under the control of the said 
minimal promoter. 

This plasmid was constructed by cloning the 
.Smai-Bglll fragment of the plasmid pUHD10-7 

(WO 94/29442) into the plasmid pKK232-8 (Pharmacia) 
-previously digested with Smal and BamHI • 

1.2. Construction of the plasmid pOR 3 /CAT 

The plasmid pOR3/CAT contains the following 
components (Figure 4) : 

- a regulatory sequence consisting of a 
sequence OR3 for interaction with the Cro repressor 
(SEQ ID No. 2) ; 

- a minimal promoter derived from the 
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•^H&r^ promoter of the thymidine kinase gene A~~^T~t&--+13^ 

* ^regioR- carrying the TATA box) ; 1 

- the sequence encoding ^/chloramphenicol 
acetyltransf erase (CAT) under th^ control of the said 
5 minimal promoter. 

This plasmid was constructed in the following 
manner: the sequence OR3 for /interaction with the Cro 
repressor was synthesized artificially. For that, the 
following two oligonucleotides were synthesized: 
5! loT) Oligo 5533 (SBQ ID No. € ^: 5' -GAIK^^ 

ft Oligo 5534 (SBQ ID Nb. A3): 3' -GAiI3y3rcX^CXx^CQCI!A!^IT0GA-5 , 

5 These two oligonucleotides were then 

hybridized in order tcl reconstitute the double -stranded 
JL sequence OR3 bordered by sequences allowing its 

j": 15 orientated cloning As follows: 

^ f ^J) GATCCTATC^ACCGCAAGGGATAA (§6^ J£>^*<^ ^ 

CO ^ ^) GATJIGTGGCGTTCCCTATTTCGA (2^? *3^> Ab-Sfe) 

1.3 Construction of cassettes for the expression of 
toxi c genes 

2 0 The cassettes for the expression of toxic 

genes are obtained from the plasmids described above 
(1.1 and 1.2) by replacing the CAT sequence by the 
sequence encoding the toxic product, preferably the 
Grb3-3 gene (PCT/FR94/00542) , the thymidine kinase 

2 5 gene, the gene encoding the diphtheria or pseudomonas 
toxin and the like. 
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Example 2: Construction of a single-chain antibody 
specific for p53 

This single- chain antibody was constructed 
according to the following procedure: 

- The cDNAs encoding the VH and VL regions 
were obtained from the hybridoma pAb421 which produces 
an anti-p53 antibody. For that, the total RNAs from the 
hybridoma were extracted and subjected to a reverse 
transcription reaction using random hexamers as 
primers. The use of this type of primer makes it 
possible to avoid the use of primers specific for 
immunoglobulins. The cDNA clones obtained have a 
sufficient length to clone the V regions. However, 
since they represent a small fraction of the total 
cDNAs present, a preliminary amplification reaction 
should be carried out in order to produce sufficient 
DNA for the cloning. For that, the cDNAs encoding the 
VH and VL regions were amplified separately. The 
primers used are oligonucleotides which hybridize at 
the level of the opposite ends of the variable regions 
of each chain (H and L) . The product of amplification 
using the primers specific for the heavy chains is a 
fragment of about 340 base pairs. The product of 
amplif ication using the primers specific for the light 
chains is a fragment of about 325 base pairs. 

- After purification the cDNAs encoding the 
VH and VL regions of the antibody were assembled into a 
single chain by means of a nucleotide arm (L) . The 
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nBtructed such that one of the 
. ... wa s constructed 

nucleotide arm was 

, n? th cDNA encoding the vn 

4«« The sequence oi 

the VL region. The s <i 

tid e SEQ ID No. 5. The assembled sequence of ab 

^ Ncoi _ NQtI fragmentf 

700 bp contains. x» ^ represe nted SEQ ID 

tne VH-L-VL chain whose sequence is P 
No^ 4 (amino acids 9 to 241) • This 

Eludes at the C-terminals the tag seance of myc 
(residues 256 to 266) • _ ;J 




* ^oWt containing the cdna 
The NcoI-NotI fragment cent 

• scFv wa/ first cloned into a 

encoding the anti- P 53 ScFv was 

seouence encoding cne 

VSV epitope (SEQ ID «o / 

„. %f is inserted ° £ «" f s — "* 

(Figure 6) . 
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D 
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The sequence, encoding the TetR and Cro 
pro teins were then oJ,^ as follows: 

The seg/ence encoding TetR was obtained 

■ from/a template plasmid carrying the TetR 
amplification £ romf a temp ide8 . 

J 0 t the following oligonucleotides, 
sequence by means' of the j= p 

Oligo/5474 (SEQ ID Mo.«) • 
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GGCTCTAGACCCAAGCCCAGTACCCCCC<^AGGTTCTTCAACG 
CGTGGATCCATGTCCAGATTAGATAAAAGTAAAG / 
Oligo 5475 (SEQ ID No. «/: 

CGTACGGAATTCGGGCCCTTACT(7GAGGGACCCACTTTCACATT 

TAAGTTG 

These oligonucleotides also provide the 
sequence encoding the Hinge peptide arm linking the two 
functional domains of the molecules. 

The amplified fragment therefore contains the 
sequence encoding the peptide arm and the domain for 
binding to the tetR DNA/1 This fragment was cloned into 
the Xbal-EcoRI sites off the plasmid obtained above in 
order to generate a plasmid containing the sequence 
encoding the molecuae ScFv-myc- Hinge -TetR (Figure 6) . 

The sequence encoding Cro was obtained by 
amplification on/a DNA template of the lambda 

bacteriophage by means of the following 

/ i 
oligonucleotides : , U- 

Oli^o 5531 (SEQ ID No. 3r2) : 

GGCTCTAGACCCAAGCCCAGTACCCCCCCAGGTTCTTCAACGCG 
raQAACAACGCATAACCCTGAAAG ^ n 
/Oligo 5532 (SEQ ID No. «): 



CGTACGGAATTCGGGCCCTTACTCGAGTGCTGTTGTTTTTTTGTT 



ACTCGG 



These oligonucleotides also provide the 
sequence encoding the Hinge peptide arm linking the two 
functional domains of the molecules. 

The amplified fragment therefor contains the 
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sequence encoding the peptide arm and the domain for 
binding to the Cro DNA. This fragment was cloned into 
the Xbal-EcoRI sites of the plasmid obtained above in 
order to generate a plasmid containing a sequence 
5 encoding the molecule ScFv-myc -Hinge -Cro (Figure 6) . 

3.2. Construction of a plasmid comprising a 
sequence ScFv-Hinge-TetR or Cro (Figure 5B) . 

This example describes the construction of 
plasmids carrying a sequence encoding a bispecific 
10 chimeric molecule according to the invention lacking a 
tag sequence • 

These plasmids were obtained from the 
plasmids described in 3.1. above by digesting with the 
enzymes NotI and Xbal . This digestion makes it possible 
15 to excize the fragment carrying the region encoding myc 
tag. 

3.3. Construction of a plasmid comprising a 
se q uen ce ScFv-TetR or Cro (Figure 5C) . 

This example describes the construction of 
2 0 plasmids carrying a sequence encoding a bispecific 

chimeric molecule according to the invention lacking an 

arm and a tag sequence. 

These plasmids were obtained from the 

plasmids described in 3.1. above by digesting with the 
25 enzymes NotI and BamHI. This digestion makes it 

possible to excize th fragment carrying the region 

encoding myc tag and the Hinge peptide arm. 

Example 4; Construction of nucleic acid sequences 
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T ina _domaiiU- 4 n „ of 

^ cloning o£ oil*—— *— 

fQEO ID No. 3) 

^plif icatxon on a P / ^ £olloW ing 

huffi an wild-type P 53 with J< ^ 
oligonucleotides: 



15 
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<9I 

Oligo 5535 WW *> N °- ^ * 

.rrc^TG^GAAACCACTGGATGGAGAA 

(tb e und/lined part regents 

(SEQ ID No * ' t3) ** 
OligO/6536 v» w «nn*CTCAGOCCCTTC 

CGTC^G^^^ 

Ba»fil 

(Tinder lined part. 
/ bold* NotI site) • 

4 . 2 . Th. pl.-»4» 

5 M wer. obtained by ol— • tM 

nfied above in the i« 

fragment amplify plasmids 
• the corresponding sites o 
»*o the ^ sub8tit ution for the 

described in Example 3.1., 

region encoding ScFv. 320/3 93-Hinge-TetR or 

4 . 3 . The plasmas P53 

obtained by clonxng the rr g 
Cro (n,, ») were ^ ^ _ ^ ^ 

^plified xn 4.1. ds descrlb ed 

into the corr spondxng sxtes 

, , l as substitutxon for t 
in Example 3.x.. 
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encoding ScFv and tag. 

4.4. The plasmids p53 320/393-TetR or Cro 
(Figure 5C) were obtained by cloning the fragment 
amplified in 4.1. in the form o£ an NccI-BamHI fragment 
into the corresponding sites of the plasmids described 
in Example 3.1. f as substitution for the region 
encoding ScFv, tag and Hinge. 



4 - 5 - The Plasmids tetR or Cr9/-p53 320/393 
(Figure 5D) or tetR or Cro-Hinge-p53 ^20/393 (Figure 
10 5E) were obtained by cloning fragments amplified by PGR 
on a plasmid carrying the cDNA foa/ the wild- type human 
p53 with the aid of the oligos 5537/5539 or 5538/5539 
digested with XhoI/EcoRI into ^the plasmids described in 
3.1., previously digested wi^h XhoI/EcoRI. 
15 Oligo 5537 (SEQ tD No. M») : 

CAGGCTCGAGAAGA^ACCACTGGATGGAGAA 
Oligo 553 8 (SEQ ID No. ¥?) : 

CAGGCTCGAGtfCCAAGCCCAGTACCCCCCCAGGTTCTTCAAAGA 
1GGATGGAGAA / 
2 0 ^> Oligo 5^539 (SEQ ID No. 3r6i : 

GGTCGAATTCGGGCCCTCAGTCTGAGTCAGGCCCTTC 
Example 5: Construction of a control plasmid carrying a 
sequence encoding a chimeric molecule comprising a DNA- 
binding domain (TetR or Cro) and the transactivator 
2 5 domain of the p53 protein (region 1-73) . 

The plasmids p53 1/73 -TetR or Cro with or 
without tag (myc or VSV) and Hinge (Figures 7A, B and 
C) wer obtain d by cloning fragm nts amplified by PCR 
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using a plasmid carrying the oDNA for the human wild- 
type p53 with the aid of the oligos 5661/5662 and then 
digested with NcoI/NotI ./Ncol/Xbal, NcoI/BamHI into the 
plasmids described 3.1., predigested with NcoI/NotI, 
Ncol/Xbal or NcoP/BamHI . 



10 
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20 



25 



p6 

Oli^b 5661 (SEQ ID No. rfc9) : 
fAGGCCATGGAGGAGCCGCAGTCAGATCC 
Oligo 5662 (SEQ ID No. - 5e-> : 
CGTCGGATCCTCTAGATGCGGCCGCCACGGGGGGAGCAGCCTC 



Example 6; Construction of plasmids for expressing 
various hybrid molecules of the invention 

The plasmids used for the expression of 
hybrid molecules were obtained by cloning fragments 
containing the cDNAs encoding these molecules into the 
NcoI/EcoRI sites of the eucaryotic expression vector 
pcDNA3 (Invitrogen) . The various constructs thus 
produced are the following: 

- ScFv 421: SEQ ID No. 4 

- TET19: hybrid protein containing the chain ScFv421- 
VSV- Hinge -TetR described in Figure 6 according to 
Example 3 . 1 

- TET02 : hybrid protein containing the chain 

p53 (320/393) - VSV-Hinge-TetR described in Figure 5A 
according to Example 4 . 3 

- TET03 : hybrid protein containing the chain 
p53 (320/393) -Hinge-TetR d scribed in Figure 5B 
according to Example 4.4 
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- TET04: hybrid protein containing the chain 

p53 (320/393) -TetR described in Figure 5C according to 
Example 4.4 

- TET07: hybrid protein containing the chain p53 (1/73 ) - 
5 VSV-Hinge-TetR described in Figure 7A according to 

Example 5 

Example 7: Recognition of specific double- stranded DNA 
sequences by the hybrid molecules of the invention 
7.1. Production of the hybrid molecules 

10 The various molecules used in this experiment 

were obtained by translating in vitro in reticulocyte 
lysate the molecules described in Example 6 using the 
TNT Coupled Reticulocyte lysate Systems kit (Promega) 
according to the experimental procedure described by 

15 the supplier for a total reaction volume of 50 fxl . 

7.2 Construction of the specific double -stranded DNA 
sequence 

The specific double-stranded DNA sequence 
used— in this experiment coiasists of two synthetic 
2 0 oligonucleotides whose aeguence is the following: 
J) Cligo 5 997 (SEQ ID No/-*4r) : 




GATCCGACTTTCACTTTTCjTCTATCACTGATAGTGAGTGGTAAACTCA 
Oligo 5998 (SEQ l£> No, 



AGCTTGAGTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAAGTCG 
2 5 These two synthetic oligonucleotides were 

labelled with phosphorus- 33 by incubating for 3 0 min at 
37 °C 10 pmol of each oligonucleotide in 10 /xl of the 
following reaction medium: 
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Tris-HCl pH7.6 50 mM 

MgCl 2 10 mM 

dithiothreitol 5 mM 

Spermidine 100 fiM 

5 EDTA 100 /xM 

[?- 33 P]ATP (Amersham) 50 fiCL (1000-3000 

Ci/mmol) 
T4 kinase (Boehringer) 10 U 

The tW ° oli 9° n,| ^^ eotides thus labelled were 
q 10 then hybrised in the presence of 400 mM NaCl in order 

■5 to reconstitute tl>^ fallowing double- stranded sequence 

S TetO (SEQ ID No. &6)/. 

P \c:<l ^Aa O CTCA A Ag^TGAAAAGAGATAGTGACTATCACTCACC A TTTGAGT (^2? 3 

M ^ 15 7^3 Recognition of the double- stranded sequence TetO by 

R| the various hybrid molecules of the invention 

43 The DNA-binding reaction was carried out in 

50 fil of reaction medium (10 mM Tris-HCl pH7.4, 10 mM 
.MgCl 2 , 10 mM KC1, 6 mM jS-mercaptoethanol , 0.1 mM EDTA, 
20 0.5 mg/ml BSA) by adding the sequence TetO (10" 10 M) 
prepared according to Example 7.2, 10 fil of 
translational product prepared according to Example 7.1 
and 10" 8 M cold competitor oligonucleotide AP2 (Promega) 
used to eliminate nonspecific binding. The specificity 
25 of the interaction is checked by displacing the 

equilibrium by adding 10 jiM tetracycline (Sigma) to the 
reaction medium. The reaction mixtures are incubated 
for 15 min at 20°C and then supplemented with 10 fil of 
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50 % glycerol, and the final mixtures are subjected to 
a native 5 % polyacrylamide g 1 el ctrophoresis with 
migration at 200 V and 16 °C. The gel is then dried and 
subjected to autoradiography. 
5 The result of this experiment carried out 

with the hybrid molecules TET19 , TET02 and TET07 is 
presented in Figure 9. Under these conditions, the 
binding of these three molecules to the specific 
double- stranded DNA sequence TetO is observed by a 
10 delay in the migration of the latter, and the 
4? specificity of this interaction is demonstrated by the 

Six? 

jjf inhibition of this delay by the addition of 

*H tetracycline. 

£3 This result therefore confirms that the 

O 15 hybrid molecules of the invention are capable of 

jfy binding specifically to the nucleotide sequence TetO 

,p Example 8: Specific binding of the hybrid molecules of 

i-Yie* invention to a molecule having a transcriptional 
transac t i va t ing doma in . 
20 8.1. Production of the hybrid molecules of the 
invention and of molecules with or without a 
transcriptional transactivating domain . 

For this experiment, the hybrid molecules of 
the invention ScFv 421, TET19 and TETO 2 according to 
2 5 Example 6 were produced by in vitro translation using 
the experimental procedure according to Example 7.1 in 
the presence of 44 ^Ci of 35 S -methionine (Amersham) 
(1175 Ci/mmol) in order to generate these radioac tively 
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labelled hybrid molecules. 

The cDNAs of the molecules with or without a 
transcriptional transactivating domain were cloned into 
the vector pBlueBacIII (Invitrogen) at the BsnHl site. 
5 Using these vectors, recombinant baculoviruses were 

produced and purified according to the instructions of 
the manufacturer. The molecules were produced by- 
infecting, with the recombinant baculovirus, sf9 insect 
cells according to the manufacturer's experimental 
10 procedure. Protein extracts at the final protein 

concentration of 10 mg/ml are prepared according to the 
procedure described by K. Ory et al . (K. Ory, EMBO J., 
13, 3496-3504, 1994). These molecules are the 
following: 

15 - p53 (1/393) : wild-type p53 protein 

- p5-3 (1/320) : wild-type p53 protein limited to its 
amino acid sequence 1 to 320 and therefore lacking its 
oligomer izat ion domain and the domain recognized by the 
-mono clonal antibody pAb421. 

2 0 8.2. Binding of the hybrid molecules of the invention 
to the- molecules with or without a transcriptional 
transactivating domain 

5 /xl of each of the products of translation 
in vitro, prepared according to Example 8.1, were 

2 5 incubated with 5 fil of the baculovirus extract prepared 
according to Example 8.1 and 2 /ig of the monoclonal 
antibody DOl (Oncogene Scienc s) which recognises the 
N- terminal end of the p53 protein for 16 hours at 4°C 
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in 100 /xl of modified RIPA buffer (K . Ory, EMBO J. , 13, 
3496-3504, 1994) . The immunoprecipitation is carried 
out as described by K . Ory et al. (K. Ory, EMBO J,, 13, 
3496-3504, 1994) . The complexes retained by the 
5 antibody are eluted by incubating for 10 min at 80 °C in 
the presence of 3 0 /xl of migration buffer (Laemmli 
U.K., Nature, 227, 680-685, 1970) and subjected to 
electrophoresis on a 10 % polyacrylamide gel in a 
denaturing medium at 200 V according to the procedure 

10 previously described (Laemmli U.K., Nature, 227, 680- 
685, 1970). The gel is then dried and visualized with 
the aid of an instantimager (Packard Instruments) which 
makes it possible to quantify the quantities of hybrid 
molecules bound to the molecule with or without a 

15 transcriptional transactivating domain. The results of 
this experiment are represented in Figure 10. 

Under these conditions, it appears clearly 
that the hybrid molecules exhibiting ScFv 421 (TET19) 
.indeed recognises the p53 molecule (1/3 93) in a manner 

2 0 equivalent to ScFv 421 alone, and the hybrid molecule 

exhibiting the 320/393 domain (TET02) exhibits the same 
properties but with a much greater p53 (1/393) 
retaining power. Furthermore, the absence of an 
observed signal during the incubation with the p53 

25 (1/320) molecule shows that these interactions are 

quite specific and mediated by the C- terminal end of 
the p53 protein (amino acids 320 to 393) as xpected. 

These results therefore confirm that the 
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hybrid molecules of the invention are quite capable of 
recruiting a transcriptional transactivating domain 
carried by a molecule for which they are specific 
partners . 

Example 9 ; Functional recruitment of a transcriptional 
transactivating domain by the hybrid molecules of the 
invention 

A functional recruitment of a transcriptional 
transactivating domain by the hybrid molecules of the 
invention was evaluated in an In vivo transactivating 
system in SAOS-2 cells (human osteosarcoma) deficient 
for the two alleles of the p53 protein, in the tumour 
line H358 deficient for the two alleles of the p53 
protein (Maxwell & Roth, Oncogene 8, 3421, 1993) and in 
the tumour line HT2 9 deficient for one of the two 
alleles of the p53 protein and having one mutated 
allele (H273 mutation) . This system is based on the use 
of a reporter gene which can be assayed enzymatically 
and which is placed under the control of a promoter 
containing the nucleotide units for specific 
.recognition by the Tet repressor. (Tet Operator) . 

In this test, the LUC (luciferase) reporter 
gene placed under the control of the Tet operator is 
contained in the plasmid pUHC13-3 (Gossen M. & Bujard 
H., Proc. Natl., Acad. Sci. USA, 89, 5547-5551, 1992). 
9.1 Cell lines used and cultur conditions 

The cell lines used in these experiments as 
well as their genotype linked to the p53 protein and 
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the culture media used for their growth are reported in 
the table below: 
Table: cell lines 



Line 


P 53 


Culture medium 


ATCC No. 


SAOS-2 


-/- 


DMEM medium (Gibco BRL) 
supplemented with 10% foetal 
calf serum (Gibco BRL) 


HTB 8 5 


H358 


-/- 


RPMI 1640 medium (Gibco BRL) 
supplemented with 10% foetal 
calf serum (Gibco BRL) 




HT2 9 


-/H273 


DMEM medium (Gibco BRL) 
supplemented with 10% foetal 
calf serum (Gibco BRL) 





9.2. Plasmid for expressing the molecules having a 
transcriptional transactivating domain 

10 The molecules having a transcriptional 

transactivating domain used in this experiment are the 
wilxl^type (wt) p53 protein and the mutant G281 and H175 
of this protein. The cDNAs encoding these three 
proteins were inserted at the BamHI site of the vector 

15 pcDNA3 (Invitrogen) . 

9.3. Intracellular expression of the hybrid molecules 
of the invention 

The hybrid molecules of the invention are 
expressed in cells in culture by transient transfection 



• 
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using the following procedure: 

The cells (3.5 x 10 5 ) are inoculated into 6-well plates 
containing 2 ml of culture medium, and cultured 
overnight in a C0 2 (5%) incubator at 37 °C. The various 
5 constructs were then transfected using lipof ectAMINE 
(Gibco BRL) as transfection agent in the following 
manner: 1.5 fig of total plasmid are incubated 
(including 0.25 fig of the reporter plasmid) with 5 ^tl 
of lipof ectAMINE for 3 0 min with 2 ml of serum- free 

10 culture medium (transfection mixture) . During this 

period, the cells are rinsed twice with PBS and then 
incubated for 4 h at 37 °C with the transfection 
mixture, following which the latter is aspirated and 
replaced with 2 ml of culture medium supplemented with 

15 10% heat- inactivated foetal calf serum and the cells 
allowed to grow again for 48 h at 37 °C. 

9.4. Detection of the activation of transcription 

The activation of transcription linked to the 
fnnrhi nnal recruitment of the transcriptional 
2 0 transactivator is detected and quantified by measuring 
the lucif erase activity encoded by the LUC gene using 
the Luciferase Assay System kit (Promega) according to 
the manufacturer's experimental procedure. 

9.5. Functional recruitment of a transcriptional 
2 5 transactivating domain by the molecules of the 

invention 

This experiment was carried out using the 
molecules TET02, TET03 and TET07 according to Example 



WO 96/30512 56 PCT/FR96/00477 

6. Tn this experiment, the molecule TET07 serves as 
positive control since it has its own transcriptional 
transactivating domain. 

The results obtained in the SAOS-2 cells and 
presented in Figure 11 shows that the TET07 molecule is 
quite capable, on its own, of activating the 
transcription of the LUC gene placed under the control 
of the Tet operator unlike the construct TET02 . This is 
in agreement with the fact that this cell line does not 
contain an endogenous p53 protein which cannot 
therefore be recruited by the TET02 molecule. On the 
other hand, the introduction of the wild- type p53 
protein or of its G2 81 mutant which do not produce any 
signal on their own, is capable of generating a 
transcriptional activity in the presence of the TET02 
molecule* Such a result cannot be observed with the 
H17 5 mutant described in the literature as having a 
nonfunctional transcriptional transactivating domain . 

This result, obtained in the SAOS-2 cell line 
with the TET02 molecule, was able to be reproduced in a 

t -i not containing an endogenous p53 (H358 
cells) either and was able to be extended to the TET03 
and TET04 molecules (Figure 12) • 

With the aim of confirming these two results 
in a different cellular context, the TET02 molecule as 
well as the positive control TET07 were expressed in 
the HT2 9 cells which exhibit a mutant endogenous p53 
protein (H273), the negative control for this 
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experiment consisting in transfecting the empty pcDNA3 
vector. The result of this experiment, which is 
presented in the table below, shows that the TET02 
molecule is quite capable of recruiting the 
5 transcriptional transactivating domain of the 
endogenous p53 protein. 

Table; Transcriptional activation of the hybrid 
molecules of the invention in HT2 9 cells 



pcDNA3 


TET07 


TET02 


1 


59 


10 



These experiments as a whole therefore show 
that the hybrid molecules of the invention are quite 
capable of binding both specific double -stranded DNA 
sequences and proteins exhibiting a transcriptional 
15 transactivating domain, and that these molecules are 
capable of conditionally inducing the expression of 
genes of interest. 



